Abstract: Heterobimetallic complexes of the type R 2 Si(HL)Cl 2 and R 2 SiL 2 (where R = Me, Et, Ph; L = ferrocenyl aroylhydrazone) have been synthesized at 40
Introduction
Hydrazones are known to possess wide variety of biological activities [1] [2] [3] and inhibit many enzymatic reactions in cell. The incorporation of various substituents onto the hydrazones have a marked effect on their biological activity. The activity of some biologically active hydrazones was appreciably enhanced on coordination with metal ion or with organosilicon halides [4] [5] [6] . The ferrocenyl unit was claimed to be a useful moiety in the synthesis of new biologically active compounds [7, 8] . If a ferrocenyl unit is incorporated into the organic moiety it often shows unexpected biological activity, as in the new ferrocene-chloroquine analogue [9] and ferrocenic artemisinin derivative [10] .
The replacement of an aryl group with a ferrocenyl moiety improves antibiotic activity in the penicillins and cephalosporines. Moreover, it is chemically stable, less toxic than the aryl counterpart and is able to cross the cell membrane [11] . Therefore, we have synthesized heterobimetallic complexes by reacting ferrocenyl aroylhydrazones with dichlorodiorganosilane, and studied the effect of coordination on antimicrobial activity to explore their use as potential biocidal agents.
Experimental
All operations were carried out under dry nitrogen atmosphere. The solvents used were dried by conventional methods. R 2 SiCl 2 (R = Me, Et and Ph) and Cp 2 Fe were obtained through Aldrich and used without further purification. The ligands and all the dichlorodiorganosilane complexes were analyzed for C, H, N using an automatic elemental analyzer, model 1600.
1 H NMR spectra of the ligands and their complexes were recorded on 390 (90 MHz) spectrometer, in CDCl 3 and two drops of DMSO-d 6 using TMS as an internal standard. The 13 C NMR spectra of the compounds were obtained in a saturated CDCl 3 solution (77.0 ppm) along with 29 Si NMR on a 22.49 MHz JEOL FX600 spectrophotometer using TMS as an internal standard. Infrared spectra were recorded, as KBr pellets, using a Biorad FTS-7 infrared spectrophotometer. Molecular weights of the complexes were determined by cryoscopic method in dry nitrobenzene. Low temperatures were maintained using cryo-cool model CC-100 II, Neslab, Italy. The ligands (HL) were prepared in two steps: (i) by synthesizing substituted benzoic acid hydrazide; (ii) by synthesizing substituted ferrocenyl aroylhydrazone as reported in the literature [12] .
2.1 Reaction of (HL) with R 2 SiCl 2 at 25
• C To a solution of ferrocenyl aroylhydrazone (20 mmol) in 40 mL of dry petroleum ether (40 -60 • C), was added with constant stirring a solution of dichlorodiorganosilane (10 mmol) in the same solvent. This reaction is carried out while flushing nitrogen gas continously in order to evaluate HCl gas so formed. The reaction mixture was stirred for 1 hour at room temperature. 
Results and discussion
The reaction of dichlorodiorganosilane R 2 SiCl 2 (R = Et, Me, Ph) with ferrocenyl aroylhydrazone in 1 : 1 or 1 : 2 molar ratios, at 40 to 50 • C and 25
• C, respectively, in dry petroleum ether afforded the following compounds. Spectral data of dichlorodiorganosilane and diorganosilicon complexes. 
IR Spectra
The infrared spectra of ligands showed bands at 3320, through oxygen and one of the nitrogen atoms. Of the two nitrogens of the azomethine group, coordination through the terminal one is suggested as it gives rise to a stable five membered ring with lesser strain as compared to that of four membered ring which would be formed on coordination through the other nitrogen. In the complexes isolated at room temperature, the bands attributed to ν NH and ν C=O had disappeared, while four new bands in these complexes appeared at about 1620, 1510, 1350 and 1235 cm −1 arising from ν (C=N-N=C), ν (NCO) and ν [C-O) thereby suggesting that ligand was coordinated to silicon atom inimidic acid from after deprotonation. New bands were also observed in the range of the spectra at 880 − 890 and 690 − 700 cm −1 assigned to ν Si-O and ν Si-N, respectively [13] . The absorption band at 495-510 cm −1 due to ν Si-Cl was present in compounds (1) to (12) but absent in (13) to (24).
NMR spectra
The 1 H NMR spectra of the complexes of type R 2 Si(HL)Cl 2 and R 2 Si(L) 2 were recorded in CDCl 3 containing small amount of deuterated dimethyl sulfoxide. The spectra of the ligand and their complexes showed that five protons of the unsubstituted cyclopentadienyl ring of ferrocene was observed at 4.2 ppm as a singlet, while a double doublet at 4.5 − 4.7 ppm was due to the substituted cyclopentadienyl ring. The presence of a singlet due to -NH group at 9.2 ppm and 9.4 ppm in both the spectra of free ligand and the complexes (isolated at low temperature −40 to −50
• C), respectively, thereby suggested that the ligand was coordinated to silicon as neutral amido form. The signal due to -NH group was absent in the complexes isolated at room temperature thereby indicated that the ligand acted as bidentate through deprotonated imidic acid form 1. The multiplets at 6.9 − 7.4 ppm were due to aromatic protons. Methyl protons due to H 3 C-C=N appeared as singlet at 2.1 ppm. Methyl protons attached to silicon in the complexes appeared as a singlet at 0.6 ppm, while the ethyl group attached to the silicon gave a triplet at 0.4 ppm and quartet at 1.2 ppm due to the -CH 3 and -CH 2 protons, respectively. The 13 C NMR spectra of the complexes were recorded in CDCl 3 having few drops of DMSO-d 6 . The unsubstituted cyclopentadienyl ring showed one peak at 119.8 − 121.0 ppm while the substituted cyclopentadienyl ring showed three signals at around 80, 66 and 64.2 ppm. These peaks remain almost unaltered on complexation with substituted chlorosilanes as compared to their corresponding ligand. The signals due to methyl and ethyl groups attached to silicon appeared at 2.0 and 2.4, 5.6 ppm, respectively, while ring carbons of phenyl group attached to silicon appeared at 142.2, 133.1, 127.6 and 124.4 ppm. The resonance for the carbon atomsof >C=N group and >C=O group appeared at 159-165 and 185 − 192 ppm, respectively. On coordination, the resonances of the carbon atom attached to C=N and C=O groups were shifted 20 − 30 ppm downfield thereby indicating the coordination indeed had taken place through these groups.
The hexacoordinated silicon in all complexes was evidenced by extremely up field shift −160 to −178.5 ppm of 29 Si NMR signals 2 and is well in agreement with the reported values [14] . The value of chemical shift (γ) also depends upon the nature of R group attached directly to silicon atom. In cases when R = phenyl, the localized system of this group allows for pπ−dπ interaction to dominate shielding of the 29 Si nucleus; thus, the chemical shift is 12 − 15 ppm lower than that of complexes which have greater σ donation capacity, i.e. R = alkyl, as compared to the aryl group. 
Antimicrobial activity
All of the synthesized ligands and their complexes with dichlorodiorganosilanes were screened for in vitro antimicrobial activity against phytopathogenic fungi viz. Alternaria alternata, Fusarium oxysporum and Rhizoctonia solani, and bacteria Escherichia coli and Bacillus subtilis are compiled in Table 3 . The fungi and bacteria were maintained on Czepek Dox agar slants and dextrose broth, respectively. The two fold serial dilution technique (15) was used to determine minimum inhibitory concentration (MIC) values. The stock solutions of the compounds were prepared in dry DMSO. The incubating period for the fungi and bacteria was 72 hours at 37
• C and 48 hours at 28
• C, respectively. The lowest concentration of a compound that resulted in complete inhibition of the visible microbial growth (except for bacteria B. subtilis, which was seen under microscope) after incubation was recorded as the MIC value. 2 (Methoxy carbamoyl) benzimidazole (bavistin) and streptopenicillin were taken as standard fungicide and bactericide, respectively, for assessing the activity results.
Conclusions
It may be concluded from the data (Table 3 ) on the antimicrobial activity that:
(1) dichlorodiorganosilane complexes of the type R 2 Si(HL)Cl 2 and R 2 SiL 2 are more active than their parent ligands against the same micro-organisms under identical experimental conditions; (2) the ligands HL I and HL II that contain the chloro substituted phenyl group shows better activity against all the micro-organisms than ligands HL III and HL IV having the nitro substituted phenyl group; (3) the dichlorodiorganosilane complexes isolated at low temperature, i.e. R 2 Si(HL)Cl 2 , are more potent than the compounds isolated at room temperature, i.e. R 2 Si(L) 2 , thereby indicating that the compounds with Si-Cl bonds are more toxic to the fungi and bacteria as mentioned above; (4) among the complexes, Et 2 SiCl 2 L 2 are found to be most active, compared to Me 2 SiCl 2 L 2 and Ph 2 SiCl 2 L 2 ; (5) conventional fungicide and bactericide showed inhibition at concentration less than 3.125 ppm. Some of the compounds have toxicity against Rhizoctonia solani and Alternaria alternata near to that of conventional fungicide. No compounds show better inhibitory action than bavistin and streptopenicillin used as conventional fungicide and bactericide.
